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(57) Abstract: 



PURPOSE; A dielectric ceramic composite is provided to have various temperature 
compensation ranges, a fine structure without sintering and composition 
consisting of a metal oxide raw material. 

CONSTITUTION: A dielectric ceramic composite is described wherein Zn of ZnTi03 
is substituted for one selected from a group of Ni, Cu, Ba,.Sr and mixture of Ni, 
Cu, Ba and Sr. The amount of Mg substituted with regard to the amount of Zn is 
0.175 to O.25. The amount of one selected from the group substituted with regard 
to the amount of Zn is more than zero and less than 0.15. The dielectric ceramic •■ 
composite having the element has a fine structure and dielectric property without 
sintering at a relatively low temperature of 1050 to 1200°C. ~ . 
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(54) DfOIBSn^g 2 


^SSII M\E}°\ 



§21 ZnOI Mg2f. Ni, Cu. Ba. Sr Il§2| 5&Pg =?^5\^ ^o^^EI d^SIb Oliz il&£|fe 

ai /diefs,' ssgoii ag} 3aoia. 

¥d ^CHS asfs oi= s/jg :,\:,\^ oig& $4-ij:iioii Afsa^ ¥goiife 4:§fi}, 

S^SJ S Olg ^m4=2| J2^IIfSf:>f a?£i:n 91Q. OIOII COeF CHg ^g£E bulkSOIIAI SS ^§01 

passing). StKcoupling) * OjllKf i ltering)SO|[:i. HgOllAH ^61 S£ /dlEfe,' SSXflfe Sif (coupl ing)SI£ , 

CH^ Ojm:>|(f liters) iy Sa:J|{resonators)S°l IJ^iWS XllSOn AfgSQ. 

OI£l& =5!0II h\msiD\ 5\m a:>|2j ^gog^ jgg og ^4.(dielectric constant : s). k^S 

(dieletric loss : tan 6 ) feg 31l4=(quallty factor : 0). §2 §g2| SE PII-'^C temperature 
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coefficient of capacitance : TCOa =5! ^m^°\ SEE )|l4-(teniperature coefficient of resonant frequency : t) 

0101. z! £1011 fes §2 ximm mm^' soi s^sa. ^gA^onAH ii^m tissi s:)i(tiniing) 

U SS(tunlng)2t i^g H^WS SJSOll ¥2!SaSE gSg} Saai°J a.:ii^ feg gg ?JI4=2} §2 ^ gji 

^m4=2| 2t§S0ia. SSI wy(tuning)SJSOI|>M SISSI gS^flf^'fe SE. ^E, Sgf * aW2J &mst sJ£°J 
eif3(circuit environment) 01! CHoH OH^ &§oH0t6m Hatf 3^ OlOil Ctim Otm Efe a4J(conipensat ion)OI 

o\oi ma. 

2^mg Saai SSej b^g EIEmo|e3j|(BaTiO,.8a,Tirf),o.BaT,50j>„). eciaOlE OmUl^ EIEmO|E3i| 

[{Mg.Ca)Tift). ZST5|| [ (Zr .Sn)TiGl . b^g =1,^ IHIS^^SFOI = 311 [Ba(Zr„3Nb.„)03.Ba(Zn,„Ta.„)0;)3,Ba(Mg./3Nb«,)Q3.Ba(Mg.«Ta,, 
3)0J>3]. (Ca.Sr.Ba)Zra31l. (Ca.Sr)[(Li .NbHiJOj?!! eS 4il 5J0i£ 1300~1600-C2J HSOICM. CHSDU itl 

(sintering aids)e S5FSm SfSfe :liXfSAi A^§§ 4= #Se} :)|31|» g}E2t o^j s^g xj^e ±mji\m 



S ^^gS ifSfOia a 6h§fEI&0| SfsfgfesjoS 5if£lte ZnTiS gSi ZnOj Zngf 1011 016(0) 0.175 UHII 0.25°l &o 
^ Mga, Zn g.^ Idl CHShOI 0 MCf 32 0.15 016(21 gfog Ni. Cu, Ba. Sr * 3§°| ?^£lfe SSS^EI <y 

siEife oit gms xl€^£lfe n^mg ^sai Aii£(ej sags flis&a. 

e ifSg ImoiSI iy5(0(a(ZnO)2f ImolSJ <i^I^EI &(Tie)S SiJgh E^&<i^0^2(ZnTiG)S IilS^^oSSfJO . OiiO|-A(0|e 
(A-site)°l 0(3(Zn)g DUlUlHCMg). ^^(Ca), d(g(Ba). ^Mgg(Sr). LI^(Ni) 5^ 01^21 5&og ^go 
OlShOllvMfe S ^^SOil 2|§^ □(OIB^K A||£(Bio| ^AjOIIM S56i01 4^/iil8^^^l ^S8(:ax( sja. 

OiaSh S ^^§21 ^SSm. SS^giiS A|et=(^E 99.9%0I^^)2| 6}2}0(3(zinc oxide; ZnO)JK ,i^S^EI6^ 

(titanium dioxide; TiQ). ^^S^Q^3^l^(MgO) . <l^S^L|i/(NiO), OfS^OUIOj e(BaCS) . ^s9(amOI ^ (CaCCi) . ^MgS 
3iML-||0|e(SrCC)» A(§ShSa. 2,^2|oj ^j^^g ^ 5feuiO|E gmg gajgj pg BOIS4^(deioni2ed water)2f Ij^S 
UOf S(zirconia balDS MUH 24AI2> got ^<Mgi||s SfaCK a^gt go^o^| 2wt%2l PVAbiejCH ^^g^Hg 
100mesli2| «|(sieve)S D\B CfM. 98 MPa2| gfi^o^ ^'^ :)Jo} ^gSKJI C|ri:a(disl<)g A|SS B^SaC^. fliSS Aia 
s 1050- 1200TC Oil AJ 2}2| 4A|^^4i! ai:?! S^iJiOilAI 300lC/hr2| ^SSe ^b^Sfaci. 

0121 ^►Ol fll3ES AilEfs,' SSfllM □fOIBSm ^Hf^ §^01^21 ^S^^S 5MSf:»| ?|oH HP-8720C networl< analyzer 
M AJgofd ^§3faoffl. Hal<l<i-(k)leman2| SSfll ga^Kdielectr ic rod resonator ^§8f01 XS 

55!eE2| ea^Ilf4-0ilAi2| 31i<ym01 ^Sfaa. §^3114-2} SE3ll4'(x,)fc S§ga:>l(transinission 

open cavity)ao£ ^§8^ac:^. 

oi£i& ojoiasm sas^oii 21& s ^^§21 2} ^.^seoii tn^ sa^^'Sf g§ ^ji^' s se:»ii4'« ofai2i a 1-7011 
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[M 1] 



(2n»-,-TMEJH,)Ti03, M - Ni. x - 0.175, y = 0-0.15 2:-^ 2l ^Vol^^j^ ^ 



^^-I^CeiOGHz) 





y 

(mol) 


(Cr) 


Q*UGHz) 






0.00 


22.44 


12300 


-31 




0.01 


2352 


87700 


-23 


1050 


0.03 


23.90 


77300 


-19 


0.06 


24.46 


56000 


-11 




0.10 


25.82 


39000 


-5 • 




0.15 


26.82 


2800- 


♦7 




Q.OO 


24.21 


77800 


-45 




0.01 


2434 


74300 


-40 


1100 


0.03 


2Sl38 


G4S00 


-25 


0.06 


26.68 


51600 


♦7 




0.10 


27.92 


47700 


*32 




0.15 


29.41 


47400 


♦65 




0.00 


25.04 


55400 


-30 




0.01 


25.30 


51600 


-35 


1150 


0.03 


26.79 


42600 


-3 


0.06 


28J39 


33200 


*33 




0.10 


356 


25100 


*64 




0.15 


, 31.24 


380OO 


♦82 




0.00 


28.00 


248eOf 


+36 




0.01 


29.45 


23700f 


♦50 


1200 


0.03 


30.29 


22S0Of 


♦56 


0.06 


30.21 


20900*- 


♦57 




0.10 


30.87 


33900 


♦58 




0.15 


31.04 


31100 


♦79 



: * QI4:^(undersintereci). 0! (michrocrack)^^^ 

[M 2] 
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^-M^i^ (Zni-r^i8«IJy)TiQs, M « Ni, x ^0.20. y = 0-0.15 S^SJ o>o)3ssj. ^ 
^^^(tlOGKz) 















(mol> 


itr) 


Q«<.(GHz) 






ODO 


22.72 


1172ro 


-SO 




0.01 


22.14 


64100 


-90 


1060 


0.03 


22.88 


88100 


-60 


0.06 


23.97 


68400 


-27 




0.10 


24.e 


S5900 


0 




0.15 


26.07 


47200 


♦27 




0.00 


23.61 


84300 


-60 




0.01 


23.77 


78800 


-56 


uoo 


0.03 


24.26 


80400 


-36 


0.06 


25.37 


53200 


-17 




0.10 


26.50 


53300 


♦10 




0.15 


27.79 


50100 


♦34 




0.00 


24.64 


71400 


-61 




0.01 


2438 


57100 


-46 


uso 


0.03 


25.18 


64700 


-35 


0.06 


26.36 


47900 


-13 




O.IO 


27.48 


50600 


♦16 




0.15 


28.62 


47700 


♦45 




0.00 


22.64 


53500 


-45 




0.01 


22.06 


51200 


-45 


1200 


0.03 


21.51 


50700 


-68 


0.06 


22.48 


52900 


-35 




0.10 


2557 


4S700 


♦16 




0.15 


27.96 


48300 


♦43 
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^Alcflo] (Zm-x.yMg«Mr)TiQ3. M = Ni . 0.225. y = 0-0.15 5:^51 o>ol3^34 o. 



^^^(eiOGHz) 





y 








(C) 


(mol) 




Q*£o(GH2) 






0.00 


21.93 


125600 


-86 




0.01 


22.29 


U3900 


-76 


1050 


0.03 


22.30 


94900 


-64 


0.06 


23.06 


76500 


-40 




0.10 


23.76 


59000 


-15 




0.15 


24.44 


37400 


♦16 




0.00 


22.33 


135600 


-80 




0.01 


23.42 


98200 


-66 


1100 


0.03 


23.67 


87600 


-52 


0.06 


24.50 


74500 


-38 




0.10 


25.10 


61100 


-7 




0.15 


2638 


55100 


♦15 




0,00 


2351 


91600 


-55 




0.01 


23.78 


82100 


-53 


1150 


0.03 


24.27 


72500 


-47 


0.06 


25.46 


59800 


-32 




0.10 


2630 


49900 


-5 




0.15 


26.38 


48700 


♦28 




0.00 


21.17 


3980Of 


-55 




0.01 


2138 


3990CW- 


-57 


1200 


0.03 


2034 


38400^ 


-61 


0.06 


20.61 


39800^ 


-65 




0.10 


20.93 


40100 


-65 




0.15 


2033 


47500 


-SB 
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■ DIA|l3^(michrocrack)^^^ 



f:S 4] 



-gAlcQ^ (2m-»-,Mgdlfc)Ti(h. M = Ni. x » 0.25. y = 0-0.15 2:^sJ «>o|3S.jq. ^ 





y 








<r) 


(mol) 


(Er) 


Q*f«(GHz) 


(Tf^pom/X:) 




0.00 


21.83 


I201» 


-86 




0.01 


21.80 


100400 


-90 


1060 


003 


21.53 


14200- 


-72 


0.06 


22.38 


2S200-> 


-50 




a 10 


23.46 


15000* 


-36 




015 


23.80 


4100- 


-16 




0.00 


21.71 


128900 


-78 




0.01 


22.30 


116800 


-76 


1100 


003 


22.69 


98400 


-68 


0.06 


23.41 


77100 


-48 




0.10 


24.83 


62200 


-25 




015 


25.33 


52900 


0 




ooo 


22.17 


104300 


-75 




0.01 


23.32 


88600 


-62 


uso 


0.03 


24.00 


78700 


-54 


0.06 


24.21 


68300 


-40 




0.10 


25.33 


54200 


-15 




0.15 


25.96 


50800 


♦4 




OOO 


21.19 


39800f 


-69 




OOl 


21.04 


47000^ 


-62 


1200 


003 


21.00 


4180O*- 


-61 


0.06 


20.49 


46100t 


-58 




010 


20.34 


S0600 


-55 




015 


20.93 


52700 


-60 



: * OI:i:Kundersintered). 01 Aiie^ (michrocrack)^'-^ 

[E 5] 
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(2m-..,M&<Mr)Ti03. M = Ni . x = 0.25. y « 0-0.15 S^Sj "fol^s.^^ ^ 



^^^(eiOGHz) 





y 




^^^^ 






(mol) 


U.) 


Q*U{GHz) 






0.00 


21.85 


124200 


-27 




0.01 


21.22 


66200 


-68 


1050 


0.03 


22.47 


45500 


-41 


0.06 


23S4 


32800 


-35 




0.10 


26.75 


1840O* 


0 




0.15 


30.28 


1220O* 


♦45 




0.00 


22.73 


12B500 


-64 




0.01 


22.93 


87300 


-62 


UOO 


0.03 


23.80 


44600 


-37 


0.06 


25l83 


47600 


-18 




0,10 


29.06 


36200 


*17 




0.15 


33.19 


32800 


*71 




0.00 


22.96 


93900 


-65 




0.01 


2333 


90600 


-70 


1150 


0.03 


24.88 


27000 


-66 


0-06 


2653 


38100 


-8 




0.10 


29.64 


36400 


*21 




0.15 


33.74 


36000 


*76 




0.00 


2058 


3960O^ 


-52 




0.01 


2256 


43000t 


-47 


1200 


0.03 


2526 


52300*- 


-34 


0.06 


27.40 


SSTDOi- 


0 




0.10 


30.19 


3690D^ 


+21 




0.15 


34.15 


32900f 


+60 



: * Ol^g(undersintered). 01 (michrocrack)^^^ 



IM 6] 



^Aloflo) (Zm-.-yMgJljy)Ti03. M - Ba. x = 0.25. y = 0-0.15 2:^^ o>ol3tS.3iI- ^ 



^^-^iCflOGHz) 





y 




^^•^^ 




cr) 


(mol) 


(C> 


Q*&(GHz) 


(t^DWC) 




0.01 


21.29 


6900* 


-63 




0.03 


21.60 


5100* 


-66 


1060 


0.06 


21.09 


2300* 


-62 




0.10 


20.89 


1800^ 


-52 




0.15 


17.71 




-31 




aoi 


23^7 


74600 


-56 




0.03 


23.93 


69200 


-51 


UOO 


0.06 


23.85 


50200 


-61 




0.10 


23.96 


51600 


-54 




0.15 


Z3.S4 


36900 


-35 




0.01 


24.08 


64900 


-54 




0.03 


2438 


36800 


-46 


1150 


0.06 


2a23 


22200 


-34 




0.10 


26.04 


ISSOOt 


-20 




0.15 


25.66 


4€00 


-41 




0.01 


22.18 


2780O*> 


-45 




0.03 


23.97 


30300fr 


-43 


1200 


0.06 


ffi30 


22500f 


-27 




0.10 


26.20 


1440at 


-15 




0.15 


27.70 


480Of 


-7 
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: * OI±^(undersintered). OI/dl2^ (mlchrocrack)^^^ . - 



[S 7} 



-a-^m^ (2m.Hr-,«gJly)Ti03. M = Sr, x = 0.25. y = 0-0.15 o>o]ss.s^ -fr 



^^>y(eiOGH2) 





y 








cr) 


(mol) 


(Er) 


Q»£„(GHz) 


(Xftoom/'C) 




0.01 


21.99 


5100* 


-56 




0.03 


22.69 


1700* 


'28 


1060 


0.06 


23.27 


1400* 


+29 




0.10 


23.41 




+83 




0.15 


25.66 




*200 




0.01 


23.56 


70200 


-42 




0.03 


23.81 


68400 


-60 


uoo 


0.06 


24.10 


48100 


-53 




0.10 


24.03 


52400 


-55 




0.15 


23.84 


37600 


-40 




0.01 


24.07 


65000 


-48 




0.03 


26.20 


36400 


-25 


1150 


0.06 


28S7 


28000 


*16 




0.10 


32.25 


19600 


♦70 




0.15 


38.10 


14200 


+182 




0.01 


22.60 


29800f 


-41 




0.03 


24.78 


36200t- 


-27 


1200 


0.06 


29.16 


2420CH 


+14 




0.10 


33.09 


19200t 


+75 




0.15 


38.43 


14200f 


+168 



: * Dl::lbl(undersintered). 01 AII3^ (michrocrack)^^^ , - 



m ^^scHi n^mm A-iia^°' as^^g biin^ B^ei 1050 lhxi i2oo*coiiah ±^ ^x-ii s[oi x\^^ □|A^| 
^5 ^3 m^m n m^^^^ ^smoi 20.49 lhxi 38.75. mm 1.260 mxi la.o^oc® 

10GHz), Q*f = 135.560 - 11.300 [GHi] ^ g5l ^nf4^2J g£ y\^D\ +200— 90ppr/'CO| CI . 



(57) 

1. <i^s}0^e^ ^ <^l^s^El&OI st^^a^e^^^ ^i^SI^ ZnliC gSj ZnS Ni. Cu. Ba. Sr ^E^^^ ^ 

g?i>^ 2. ^Mi^Oil 2^0] AH. Zn lOil Cli6f04, Mg2| ^^01 0.175 LHXI 0.25eJ 2^ ^S^S 5^fe 

□^ola^^^g esa^^g ^sjyi aus^q" ^^m. 

0.15 oimoj 5!e ^§o^ moia^mg s^e^^s ^sx^i Ana^si ^sm. 
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